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Impairment in the Occoguan Reservoir

>DO Impairment

Note: The impairment Is for the agquatic life use criteria
and not for use as a public water supply.
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Data from the four stations

All the four stations (RE02, RE15, RE30, RE35) reported
excursions from the minimum dissolved oxygen criteria of 4 mg/L.

Greater than 10% of the samples exceeded the criterion in both
surface and bottom waters at station REO2.

Greater than 10% of the samples exceeded the criterion in the
bottom waters only at stations RE15, RE30 and RE35.

The phosphorous threshold screening value of 50 ug/L for fresh
water lakes was exceeded in greater than 10% of samples in both
the surface and bottem waters.




Reasons for DO Impairment

The source of impairment Is listed as ‘Natural/Stratification’.
The main reasons stated for the impairment are as below:

> Bottom dissolved oxygen depletion occurs naturally in
reservoirs due to stratification.

> Poor mixing of the water column at station REOZ2.
> Nutrient loading (phespherous) from the watershed.
> Historical nutrient input.




Modeling the System

> For simulating overland surface runoff and flow
In streams, a model that accounts for surface
and groundwater flows, and responds to
meteorological input, IS required.

> Because of the complexity of water flow In
reservoirs and lakes, and because stratification
must be simulated, a hydrodynamic model must
be used.

> Both types of models are incorporated in the
Occoguan Model.




The Occoquan Model - |

The Model has a continuous development-and-update
cycle, withi refinements added with each update.

The work Is overseen by a modeling subcommittee.

Uses two software model packages to simulate the
entire Occoguan \Watershed.

HSPF (Hydrolegic Simulation Procedure — Fortran) Is
used to simulate runoff and resultant water flow in
streams.

CE-QUAL-W2 (an Army Corps of Engineers 2-D water
guality model) is used to simulate hydrodynamics and
water quality in the reservoirs.




The Occogquan Model - |1

> The

entire model uses 6 applications

(submodels) of HSPF and 2 applications of
CE-QUAL-W?2 (also called W2), linked in a

com
> Muc

plex way.
N of the data (flow, meteorological and water

guality) are derived from the monitoring

data

nase generated by the Occoguan

Laboratory over the course of almost 35 years.
> Land use data are provided by the Northern

Virgi

nia Regional Commission. The Model uses

5-year periods for each update, as this Is the
cycle on which landuse information Is updated.




Distribution of Rain Gauge Stations in the Occogquan Watershed and Vicinity
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Occoquan Watershed Showing Stream Monitoring Stations and Rain Gauges
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N 2000 Land Use Map
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Consolidation ofi Land Use Categories

Land Use Categoriesin Map

Characteristics

Land Use Categoriesin
Model Applications

Estate Estate Single Family
Housing
(0.05-0.2 DU*/acre)
Low Density Residential Large-Lot Single Family
Housing

(0.5-2.0 DU/acre)

Low Density Residential

Medium Density Residential

Medium Density Single
Family Housing
(3-6 DU/acre)

Medium Density Residential

Townhouse/Garden Multi-Family Housing Townhouse/Garden Apartment
Apartment (>6 DU/Acre)

Industrial Industrial/Commercial
Commercial

I nstitutional Institutional

Forest/Idle Forest/Idle

Golf Golf Courses

Livestock/Pasture Pasture

Conventional Tillage Grain

Mix Conventional Tillage
Grain

High Tillage Cropland

Min. Tillage Grain

Mixed Min. Tillage

Low Tillage Cropland

*DU: Dwelling Units
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Permitted Point Source Discharges in the
Occoguan Watershed

. UOSA (14631 Compton Road):
Cub Run - 64 MGD

. Vint Hill Station WW TP (Vint Hill Farms Station):
South Run/Kettle Run — 0.95 MGD

. Camp Upshur STP (MCB-Quantico):
Cedar Run, Unnamed Tributary — 0. 04 MGD

. Town and County Restaurant (5037 Lee Highway, New Baltimore):
Broad Run , Unnamed Tributary — 0.015 MGD

. Ceclil’'s Service & Equipment, Inc. (5021 Lee Highway, off State Route 29 North, 0.5 miles
north of intersection of Rt. 29 and Rt. 60):

Broad Run — 0.01 MGD

. H.M. Pearson Elementary School STP (9347 Bastable Mill Road, Catlett) :
Cedar Run — 0.0079 MGD

. Evergreen Country Club (15900 Berkley Drive, Haymarket):
Chestnut Lick, Unnamed Tributary — 0.0075 MGD

. Smith-Midland Corporation (5119 Catlett Road, Midland):
Licking Run — 0.003 MGD

Total of all permitted point source discharges : 65.0334 MGD




Permitted General Discharges in the Occoguan
\Watershead

Number of permitted general discharges: 159
Allowed maximum discharge for each permit:  0.001 MGD
Total maximum flow for general discharges: 0.159 MGD




Point Sources

Total flow contribution from all point sources, assuming
maximum permitted flow: 65.0334 MGD (100.62 cfs)

Total flow contribution from all point sources minus
UOSA: 1.0334 MGD (1.60 cfs)

Average daily natural flow in the Occoguan Watershed:
550 cfs

Total average daily flow (natural + max. permitted):
650.62 cfs

Non-UOSA permitted flows are 0.25% of this.

UOSA Is already represented in the Model with; actual
flows (not max.). All flows can be added at max.
allewable, as necessary.




Linkage of Submodels
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Schematic of Occoquan Reservoir Segmentsin CE-QUAL-W2 Modd
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Modeling Process - |

> Start with the most upstream HSPF
models (Upper Broad Run; Cedar Run;
Bull'Run).

> Calibrate these to stream monitoring
stations at mouths of subwatersheds.
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Modeling Process - |

> Use calibrated output from Upper Broad
Run and output from Middle Broad Run
submodels at input to Lake Manassas CE-
QUAL-W2 submodel.

> Calibrate to In-Lake stations.
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Modeling Process - ||

> Use calibrated output from Lake
Manassas CE-QUAL-W2 submodel and
Cedar Run HSPF submodel as input to
Lower Broad Run HSPF submodel.

> Calibrate this to downstream station.
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Modeling Process - |V

> Use calibrated output from Lower Broad
Run and Bull Run submodels, and output
from Lower Occoquan HSPF submodel as
Input for Occoguan Reservoir CE-QUAL-
W2 submodel.

> Calibrate this to iIn-Reservoir stations.

> Finally, go back and fine-tune the entire
calibration, repeating| the process as
needed.
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Model Calibration Goals

> Typically, watershed (HSPF) models are
calibrated for loads (monthly, annual); and
reservoir (CE-QUAL-W2) models are calibrated
for concentrations (Instantaneous).

> All submodels of the Occogquan Model were
calibrated for both, loads and concentrations.

> This resulted in some compromises, but the goal
was to balance both types of methods to obtain
a model that would be useful across a wide
range ofi applications.




How Will'the Model Be Used In
Developing any TMIDL?

HSPF has ‘leading factors” associated with each land
use type.

Point discharges also have their loads represented.

These can be adjusted for changes in land use, changes
iIn BMP implementation, or changes in point loads.

Any type ofi change on the land (land use, point
discharge, etc.) will then result inichanged output from
the HSPF submodels.

The output from the HSPF submodels will be routed to
the Occoguan Resernvoir submodel and the results
examined to determine If TMDL goals are met.




N 2000 Land Use Map

Waterbodies

- Commercial/Industrial
I High Tillage Cropland

! Institutional

l:l Low Density Residential

- Low Tillage Cropland
|:| Medium Density Residential

Pasture

Townhouse/Garden apts

- Forest/ldle

25 5 10 Kilometers
] ] 1 |




Orthophosphate Phosphorus Loading Factor Distribution

OP loading factor (Ib/ac/yr)
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Ammonia loading factor (Ib/ac/yr)

[ oot
B o1

-0.14

I 0.15-
-0.32
I 033-
I o
I oso-
I os3-
I i os-

0.20

04
0.49
0.62
1.07
4.28

10 Kilometers

J

Ammonia Nitrogen Loading Factor Distribution




Nitrate loading factor (Ib/ac/yr)
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Other Considerations - |

> The Occogquan Model for 1998-2001, which
utilizes the landuse data from 2000, will be used.

o Landuse data for 2005-06 will' not be available until
2007 at the earliest, at which point the Model update
will take another 6-8 months. This will make It
Infeasible to use that update.

> The TMDL determination process will focus on
the April-October period.
o Ihe Model will be run for the entire interval, but only.

the April-Octeber output will be analyzed for the
TMDL.




Other Considerations - ||

> Fairfax Water has recently installed 8
SolarBee® (www.solarbee.com) systems
Upstream of the Occogquan Dam to provide
oxygenation of deeper waters. Early data

show that these are successiully
Increasing the DO In a deeper surface
layer.







Other Considerations - |11

> The TMDL endpoint will likely be based on
the proposed Surface Water Standards,
which have separate criteria for lakes and
reservoirs, and specific limits for the

Occoguan Resernvoilr.




Contacts:

> DEQ:

o Bryant Thomas (Water Quality Programs)

703-583-3843
bhthomas@deq.Virginia.goy.

» Katie Conaway (Regional TMDL Coordinator)

703-583-3804
mkconaway@deq.virginia.goy.

> Occoguan Lalb:
o Adil Godre]

703-361-5606 x114
agodre|@vit.edu




